Supplementary Information Text Extended Methods

rrnAP3 promoter sequence
The full sequence of the non-template strand of the 150 base-pair linear DNA fragment containing the Mtb rrnAP3 promoter is shown below in 5' to 3' orientation with the -10 and -35 regions (blue), the transcription start site (TSS) (red), and +2 C6-amine modified dT labelled with Cy3-NHS (green). The +1 to +10 nucleotides of the initial transcribing region are highlighted. A biotin molecule was added to the 5'-end of the non-template strand attached via a standard C6 spacer (Integrated DNA Technologies, Inc.).
GGCGACGGTCACCTATGGATATCTATGGATGACCGAACCTGGTCTTGACTCCATTGCCGGATTT GTATTAGACTGGCAGGGTTGCCCCGAAGCGGGCGGAAACAAGCAAGCGTGTTGTTTGAGAACTC AATAGTGTGTTTGGTGGTTTCA
Rationale of reaction conditions for single-turnover promoter escape kinetics I. Maximization of starting fluorescence signal
To maximize the starting signal for promoter escape experiments, we chose reaction conditions that yielded a saturating fluorescence change for Mtb and Eco holo RPo formation in the absence of transcription factors. Specifically, we used a 50-fold excess of RNAP holoenzyme over DNA, and relative to our previous studies using Mbo holo (1, 2) , decreased the NaCl concentration from 120 mM to 40 mM, added 75 mM K-glutamate, and increased the temperature from 25 to 37 o C, all of which have been shown to enhance RNAP-promoter interactions (3) (4) (5) (6) (7) . Importantly, under these reaction conditions, equal volume mixing of pre-formed Eco and Mtb RPo with buffer alone to yield a final concentration of 50 nM RNAP holo + 1 nM labeled rrnAP3 DNA resulted in no change of the fluorescence signal over the course of 1000 sec (data not shown). This assured us that when monitoring promoter escape, the fluorescence photobleaching is negligible and that the binding equilibrium between RNAP and DNA is not detectably disturbed by the two-fold dilution.
II.
Choice of competitor to prevent RNAP re(binding) to promoter DNA In establishing single-turnover conditions, a perfect competitor would not affect the kinetics of bound complexes and would quantitatively prevent free polymerase from promoter binding. Such a competitor would lead to a saturable increase in the observed kinetics of dissociation as a function of competitor concentration. Furthermore, when monitoring dissociation from RPo, one expects two observed rates stemming from the three-state model (RPo«RPc®R+P). In contrast, a third observed rate was present in the heparin titrations (Figs. 3A, S4A, S5) , consistent with the existence of another molecular process. This effect became more pronounced at higher heparin concentrations (Figs. 3A,  S5 ). We hypothesize that these observations are due to the fact that in addition to the binding of free RNAP, heparin also actively "strips" RNAP from the promoter (8) . In contrast, the observed kinetics in the presence salmon-sperm DNA contained only two observed rates as expected and saturated at 5 μg/mL (Figs. 3B, S4B, S5) . Lastly, using a five-fold excess of the saturating salmon-sperm DNA concentration (25 μg/mL) prevented initial binding to DNA (Fig. S6) . All single-turnover promoter escape experiments were performed under these conditions.
Factor dependent flux calculations
To determine basal rate landscapes that can undergo factor dependent changes in transcript production, we used our transcriptional flux calculator which is available online (https://egalburt.github.io/transcript-flux-calculator/fluxcalc_mech.html). For an in-depth explanation of the methods and theory underlying these calculations see ref. (9) rates represent the lower limit for the estimated rate constants and the assigned fold change. The CarD effect on kclose was inferred from previous studies (1, 10) . Factor dependent effects were assessed by titrating both kopen and kescape 1000-fold while unchanging the other rate constants. Under these conditions, where the forward equilibrium is favoured, the regulated-to-basal flux ratios eventually saturate at the assigned fold changes in kopen for activation and kescape for repression. 
Supplementary Figures
Fig. S8: Observed rate and fractional amplitude analysis for 0-100 μM NTP concentrations for
Mtb holo promoter escape ± factors. Observed rates and amplitudes obtained from two-exponential fits for conditions mixing pre-formed RPo with 0 μM NTPs (i.e. presence of competitor DNA only) (red), 50 μM NTPs (blue), and 100 μM NTPs (yellow). (A) and (B) depict the fast and slow observed rates, respectively. (C) and (D) display the fractional amplitudes as a percentage of the total amplitude corresponding to the fast and slow observed rates, respectively. Error bars represent standard errors of the mean. To accurately fit the 0 μM NTP condition in the presence of CarD and CarD/RbpA combined, the end-point value was constrained to be equal to the end-point value obtained in the presence of 1 mM NTPs, given that at 1000 sec, less than a 20% decay of the initial signal was observed (Figs. S13A,C) . As the remaining signal is saturated at 1 mM NTPs for all conditions, we use that value to report factordependent inactive fractions. (C) Percent signal remaining for Mtb holo as obtained at 1000 and 3600 sec both in the absence of NTPs (only mixed with competitor DNA) and 1 mM NTPs. In the absence of NTPs, a decrease in the signal can be observed when taken out to 3600 sec, indicating that at 1000 sec, the dissociation of bound complexes has not fully equilibrated. When mixed with a saturable amount of NTPs, the percentage of the signal remaining is unchanged regardless of the time of data acquisition. Error bars in A-C represent standard errors of the mean. RPitc has an observable signal of 110%, for (A) equal starting net rates, (B) a 10-fold faster kitc and (C) a 10-fold faster kescape. Here, both kitc and kescape are NTP dependent and increased 10, 50, 100, 500, and 1000-fold (see legend) relative to the starting net rates (i.e. both rates are changed equally unlike simulations in Figs. S16, S17). Inset in (B) depicts the peak signal higher than the initial signal. and RPitc has an observable signal of 110% (~the maximal peak amplitude observed experimentally). Here, kitc was increased 5, 10, 50, and 100-fold of the starting net entry rate while keeping kescape constant. Simulations starting with equal kitc and kescape (far left panel) showed a minimal peak signal (red). Upon increasing the net entry rate into RPitc, one can observe a shift in the time-dependences of the decrease in the RPo population (yellow) and increase in the RPitc population (blue), leading to the formation of a peak in the combined RPo + RPitc trace (red). (B) Overlaid RPitc and (C) RPo + RPitc population traces from the simulations in (A). Inset shows a zoom of the combined signal changes where the signal is greater than 100% as depicted in the main text (Fig. 7C) . (Fig. 7D) . and RbpA R88A lead to a reduction in RPo stability relative to RbpA WT (11) , one would expect that for genes activated by RbpA WT , a negative log2FC to be observed with the RbpA mutants and for genes repressed by RbpA WT , a positive log2FC to be observed with the RbpA mutants. As such, the plots represent the predicted outcome for RbpA WT as the sign of the log2FC measured with RbpA R79A and RbpA R88A has been switched. Comparing the predicted regulatory outcome in vivo to the predicted in vitro regulatory outcome as determined by the calculated flux ratio (Fig. 9B and Extended Methods), the limits of the flux ratios (shaded regions) account for ~70% and ~90% of the predicted in vivo regulation calculated for RbpA (red) and RbpA + CarD (purple). Here the lower limit is assigned from the fold change in kescape used in the transcript flux calculations, where the predicted extent of repression saturates at fold changes of -0.2 and -0.5 for RbpA and RbpA + CarD, respectively.
